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 Summary  
Polymer surfaces become increasingly important with respect to low-cost applications in chemo- or 
biosensors and microfluidic systems. Some imply remarkable optical qualities like good transmittance 
in the near UV and low background fluorescence. Their effortless fabrication as thin-film substrates 
allows their use as optical waveguides for biochemical applications, or the cleaving of photolabile 
linker compounds1,2. Several methods are suitable to attach photoreactive linkers to polymer surfaces, 
among them plasma treatment with subsequent modification steps3,4.  
We present the immobilization of photoreactive molecules on different polymer surfaces and their 
characterization particularly with regard to surface homogeneity and binding capacity. Another 
important parameter is the reproducibility of the surface chemistry which is investigated with different 
analytical methods in combination with fluorescence assays.  
 
Motivations and results  
Functional surfaces and especially the control of surface properties depending on external parameters 
such as light illumination have gained increasing importance in the last years. Particularly 
photocontrolled surface properties open up new possibilities, e.g. local and noninvasive triggering of 
chemical processes in cell cultures by the release of reactive compounds immobilized with photolabile 
linkers (Fig. 1).  
We present the characterization of polymers from the cycloolefin copolymer class (COC) 
functionalized with surface chemistry based on silane linkers. Since silane chemistry is a versatile tool 
for the further immobilization of biomolecules or for example photolabile linkers, we evaluated the 
binding efficiency of silanes on different COC polymers, and the resulting surface properties. The 
further immobilization of both the photolinker and a fluorescent dye started from the silane layer and 
were characterized with the same analytical methods.  
In detail, the surfaces are investigated with different analytical methods including contact angle, 
ellipsometry, atomic force microscopy (AFM) and infrared (IR) spectroscopy. The contact angle gives 
information on the homogeneity of the surface treatment in addition to hydrophilic or hydrophobic 
characteristics. On a smaller scale, the surface homogeneity is investigated with AFM. Ellipsometry 
and IR-spectroscopy are used to confirm the binding of the silane and photolinker.  
The polymer surfaces were activated by plasma treatment, rendering the surfaces hydrophilic for 
optimal binding of silane anchors. Before further activation, the surfaces were investigated with AFM 
for their surface roughness. For TOPAS®, the surface roughness (route mean square) was determined 
to 3nm (Fig. 2), which is sufficient for the homogeneous attachment of functional molecules. In a first 
step, a simple assay with AlexaFluor®647 N-hydrosuccinimide (NHS) ester (Invitrogen, Germany) on 
an aminosilane layer was performed. To assess the homogeneity of the surface chemistry, the 
fluorescent dye was diluted in a 1:2 concentration series and printed in eight replicates on the 
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in less than 10min at a wavelength of 365nm and an irradiation power of 1-5mW/cm². For this assay, 
the COC surfaces were again treated with aminosilane and the PC-Biotin bound via its NHS ester to 
the amino-groups. The available biotin was used to bind AlexaFluor®647-labeled streptavidin. Part of 
the immobilized surface was covered by a copper mask during incident UV illumination at 1mW/cm² 
and 365nm for 1min. Fig. 4 shows exemplarily the fluorescence readout of the UV-treated surface, 
where the shape of the copper mask is clearly visible and distinctly brighter, confirming the 
photocleavage of PC-biotin. In a control experiment, AlexaFluor®647-labeled streptavidin was 
adsorbed onto the aminosilane and irradiated under the same conditions described above. In the 
fluorescence image, the copper mask was not visible so that a mere bleaching effect of the fluorescence 
dye can be excluded. 
Next steps will include the cleavage of PC-biotin from the COC surface implemented as optical 
waveguide.    
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 Fig. 1: Functional principle of photolabile linker compounds. Left: Substrate with immobilized photoreactive 
linker. Right: After illumination with a specific wavelength the linker has released the compounds of interest.
 
aminofunctionalized TOPAS® surface. Fig. 3 shows the fluorescence image and the corresponding 
evaluation. The assay is linear in a range from 0.06µg/ml to 1µg/ml AlexaFluor®647 with low 
standard deviations and a correlation coefficient of R²=0.996. The coefficient of variation (cv) 
dot-to-dot was <15%, the chip-to-chip cv <25%. 
Furthermore the cleavage of a photocleavable biotin NHS ester (PC-Biotin, Ambergen, USA) in 
combination with an AlexaFluor®647-labeled streptavidin was investigated. The key component of 
PC-Biotin is a 1-(2-nitrophenyl)ethyl photocleavable entity showing fast and efficient photocleavage 
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Fig 2: AFM measurement on 
TOPAS® (non-contact mode) 
before silanization. A surface 
roughness (route mean square) of 
3nm was determined. 
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Fig 3: Fluorescence measurement on TOPAS®. Printed array of AlexaFluor 647® NHS ester on an aminosilane 
layer in a 1:2 concentration series and eight replicates. 
 
 
 
 
Fig 4: Fluorescence measurement of AlexaFluor 
647®-streptavidin on PC-Biotin. After 1min UV illumination at 
1mW/cm² at 365nm the copper mask covering the streptavidin is 
clearly visible confirming the photocleavage of PC-biotin. 
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